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(57)[ABSTRACT OF THE DISCLOSURE] 



mm] [SUBJECT OF THE INVENTION] 

mS.<D:^Tyyit. ^{Z'kO^ It provides the manufacturing method of a 
T yyit^^ir^^^UU<DM composite material which has a desired 
^ Z t Poisson's ratio (especially, negative Poisson's 

ratio). 

im^^^] [PROBLEM TO BE SOLVED] 

^ 1 (Dm t%2 (omt -fo^ h In the manufacturing method which makes the 
fi£S^'^^)|s|-$r^S<D^Ty composite material which constitutes of 1st 
):t(DmMz.-r^Wt1om^i^\'^ material and 2nd material the material of a 
W> l(Dlf^U\t.Wik'^^^W' desired Poisson's ratio, 1st material forms a 
)5jcL. W> 2 (D^^\t^'ii^^M<D linear component, 2nd material forms the 
MiM^Jf^f^L^ 'M^^^iiWl medium of a linear component, a linear 
(^tS^W component constitutes of 1st linear component 

(ciSBS^ti/SHlco^^^^ arranged in the direction which has 1st width 
<!r, M 2 (Dm^^ 1(DB'^ and crosses mutually, and 2nd linear 
W^tlit^ti:^^\fi]icxK\/^z. component an-anged in the direction which 
^Mi"5::^[o](c:iBg$tv5M 2 crosses mutually towards having 2nd width and 
(Oi^^^^-d^hf^ , ^ 1 (Difi differing from 1st linear component, it invented 
t^2(O^M(DltX{t/RXJ^Wl the manufacturing method of a composite 
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(om t^2 (r>m(DW\^m<D material which obtains a desired Poisson's ratio 

it^^it^'t^^t\^X'O^W. by changing the ratio of 1 st width and 2nd width. 

<D/-K7 y :yit^1^^^^U^(0 or/and the ratio of the coefficient of elasticity of 

®[jt;^fe^liPJ Lfc„ 1st material and 2nd material. 



(start) 



tw 



/■ua 



I f 



/1 08 




START 

1 00 Extraction of basic structure 

1 02 Initialization of coefficient of elasticity of material, and width of linear component 

1 04 Partition into lattice cell. 

106 Finite-element mesh production 

108 Give forced displacement to all nodes of right side, and carry out 2-dimensional stress 

analysis. 

110 Poisson's-ratio calculation 

112 Give forced displacement to all nodes of upside arm, and carry out 2-dimensional stress 
analysis. 

1 1 4 Poisson's-ratio calculation 

116 Error of computed Poisson's ratio and desired Poisson's ratio is below prescribed value. 
118 It is calculation completion to ratio of width of all linear components? 
1 20 Alter width of linear component. 
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1 22 It is calculation completion to ratio of all coefficient of elasticity? 
1 24 Alter value of coefficient of elasticity. 

END < 

I 

i<^ffm^<Dmm] [claims] 
[m^m 1 J [CLAIM 1] 

^lomt^ 2(0^0) 2m. A manufacturing method of a composite 

M<DU^^ *) ^^^'^W^^dj material which has the desired Poisson's ratio, 

S©xKTy:/itW^{c-f in which in the manufacturing method which 

"^"C , makes the composite material which constitutes 

MfEU 1 (omUB^^^^B of two kinds of material of 1st material and 2nd 

material the material of a desired Poisson's 

MEH 2 (D^t^fiHuiei^^^l?* ratio, said 1st material forms a linear 

(OMW^Mj^L-, component, said 2nd material forms the 

Hutfl^^^^fi^ 1 coifri^rW L- medium of said linear component, said linear 

SV'»|c:^^i-5::^fB]{ciBg$tb component. constitutes of 1st linear component 

^^l(DB'^^^t^2(D^'^^ arranged in the direction which has 1st width 

^ LmW.^ 1(dB.'^W^ t itM: and crosses mutually, and 2nd linear 

t^:^:}Jfpi]{cXK\/^lc^^i~^:}^ component arranged in the direction which 

|b) (cgBg $ H 5 ^ 2 <dM1^^^ crosses mutually towards having 2nd width and 

b ^ife I? , differing from said 1 st linear component, 

HuEl^ 1 (Dlf% t H&IB^ 2 (DifM(D It obtains a desired Poisson's ratio by changing 

itXii/RXJ^mBf^ 1 (Dmo the ratio of said 1st width and said 2nd width, 

#t4^ t mE^ 2 c7)#14^cDit or/and the ratio of the coefficient of elasticity of 

t:^it^^t^^ t\zX "J^McD said 1st material, and said 2nd coefficient of 

rsTyyit^m^:Lt^^mt elasticity. 

{w^(D%rmfmm\ [detailed description of the 

INVENTION] 



[000 1] [0001] 
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imm±<of\m6^m] [industrial application] 

^^^Mlii. diW.(D:^T yi^ltii^ This invention relates to the manufacturing 
2S^<D#$Jf i 19^5 method of the composite material which 
^i-a-Wf460Mjt:^i£{-liL. # constitutes of the material which is two kinds 
(^BrMt^^TV >- It i LT A© from which a desired Poisson's ratio is 

Tf^ryyit^m^^t^^X-^^ obtained. 

2M^(DW^^X '0 f^^^^^W^ Specifically, it is related with the manufacturing 
oMja;^j£t^M"f 60 method of the composite material which 

constitutes of two kinds of material which can 
obtain a negative Poisson's ratio as a desired 
Poisson's ratio. 

[000 2] [0002] 

Vij^M(Dmm] [PRIOR ART] 

{i^^(Dm^i±XlE(DyfsT All the material of public knowledge has a 

Jt^W ^(Dii.l,iU$^i^^^ positive Poisson's ratio, the value is inherent in 

T'feSc m^^h^m^l^^m matenal. 

"t^Wia-. •?:C'^$t{CjgLfc4< When utilizing material for a certain member, 

T y yit(DUW^£^^ t^l^:i the material of the Poisson's ratio appropriate to 

tt^h^o ^ LX^^(DM^^ the member may be needed. 

M^it—m^Oi^—ji-U^^ y -y And in a specific application, for exariiple, some 

3 >'t^{c:*5V>Tfi. UUi^ML of sealants and cushioning materials, the 

tz^^T y>'iti)^-^(D:^Ty'yit Poisson's ratio appropriate to a member may 

t^j:^ M'ai!)^ h^o turn into a negative Poisson's ratio. 

[0 0 0 3] [0003] 

^^W^4f^BlfMc»/KTy^lt<7) When there is no rnaterial of a desired 

Wf^^^tSV^^^-n-tC/J^T y:y)A:<D Poisson's ratio in the public knowledge material, 

^i^c^ -S^KSrli-a- LTjIIt L-V 4-^ there is a technique of compounding the matter 

'Pc^Wi.fc't^^'^it^h^o b/i^ with which Poisson's ratios differ and designing 

W.^WfA(or-T y ymt^ a new material. 

^ CI fi^^i^K h^^ir^fz^kz. However, in a rule of mixture simple In order to 

¥M'fe?l'^IiJ-efi^S!|-e#?'jJV^ depend for the Poisson's ratio of a composite 

fcJt>, ^M(0:^T y y\t^^ir material also on the micro structurie, since it 
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i>Uf^^"^^^tiimMX-h cannot estimate, it is difficult to obtain the 

So ^L"C, 0fSO:ft©3t?Ty material which has a desired Poisson's ratio. 

>^lt^W-r5ttl^^#Sr <bH Furthermore 

$ bfcifflii'CfcSo It is still more difficult to obtain the material 

which has a desired negative Poisson*s ratio. 

[0 0 0 4] [0004] 

LT. :^04^Ty> Patent Publication 4-506638,2-500894 are 

lt^Wi"5lt^4<?5^|f:;^&(t L known as the design method of material of 

T#S¥4 — 5 0 6 6 3 8^4^ having a negative Poissorfs ratio as a 

Wi. 2-500894-^ well-known technique. 

<d:^i^^htiX^^^o However, although an any method can also 

V^Tti(^:fe'fet>A<^^Ty ✓^it design the material of a negative Poisson's 

(DW^^^lxff ^ t itfpi^X ratio, it is not easy to control the structure in the 

fe S jo 1/ ^ manufacture process of material. 

X^om^^^M'Mi'^^tlt^ Therefore, it is difficult to design the material 

^Xitti:\^^tc^WjW.(D'^(Dyi^T which has a desired negative Poisson's ratio. 

^titmmxh^o 

[0 0 0 5] [0005] 

l^mmmi^^o tir^bWk [problem to be solved by the 

m] INVENTION] 

19 . '^M(Dm(Dm$Y:fjW: That is. it was difficult to design the material 

}iCid\/^XitWfM(D:^T y yit^ which has a desired Poisson's ratio in the 

^ir^m^^Btfi-^ ^tltm design method of the material of the past. 

MXh^fCo ^ h{^. pJfMco^ Furthermore, formerly there was no method of 

(D:^T yi^it^^i^^U^^^ designing the material which has a desired 

$iir^lJi!i:lt^^^fj:f)>^tCo ^ negative Poisson's ratio. 

^ "C, ^^^^fSBfMO/I^T y :y Then, it makes into a problem for this invention 

it. ^\^^(D7i^T yyit^^-t to provide the manufacturing method of a 

'2)lip^#l4coM3s:^&^#Wi" composite material which has a desired 

^:it ^MMt't^o Poisson's ratio, especially a negative Poisson's 

ratio. 
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[000 6] [0006] 

iWkM^m^i-^tci^cO^^] [MEANS TO SOLVE THE PROBLEM] 

±BEigM^^;^i"-5:^jfei b in the method of manufacturing the composite 

X. ^KDUf-^-l t^2(D$m material which constitutes of two l<inds of 

2<D2mm(DmX'0i^^W.'^ matenal of 1st material 1 and 2nd material 2 

Uf^^B\^(0:^T y yit(D^^ into the material of a desired Poisson's ratio as 

{ci^)g-r5:3^S^c*3V^T, a method of solving the above-mentioned 

<oU^Hi^^^^^Mf^\^^ problem, 1st material 1 forms a linear 

m 2 (Dm 2 {ii^JK^^Oj^K component, 2nd material 2 fomis the medium of 

^JfML, ^H^^^fil^ 1 <^i|ii a linear component, a linear component 

?rWLSv^(c:^^i-'5;^|oI(iiSB constitutes of 1st linear component 101 

S^tiS^ 1 10 1 arranged in the direction which has 1st width 

t. M 2 <DfMi:^ Lf^ 1 (D^'ik and crosses mutually, and 2nd linear 

t fi^7'^5:^(o]{CTSV''tc component 102 arranged in the direction which 

^M1"5::^[Rl{cSfig $ tt5 H 2 crosses mutually towards having 2nd width and 

(^^ttH^ 1 0 2-A^hl^'O . W> differing from 1st linear component. 

\(D^%tW>2(D^%(D]ALX\t/'BL It invented the manufacturing method of a 

x:^^\(DW^l<OW&.^tW>2 composite material which obtains a desired 

<Dm 2 <DW^^(D\t^^\\L ^ Poisson's ratio by changing the ratio of 1 st width 

*5 c: t J; 19 drM(D^T V :y and 2nd width, or/and the ratio of the coefficient 

of elasticity of 1st material 1. and the coefficient 

^^^MLtCo of elasticity of 2nd material 2. 

[0 0 0 7] [0007] 

imMOimRrl^^] [OPERATION AND ADVANTAGE OF THE 

^^Pj^d^JV^T. mi<DUm INVENTION] 

<h ^ 2 cD|tl4 2 CO 2 In this invention, in the composite material 

i '0 f^^W.^UfM^is\,^X , B which constitutes of two kinds of material of 1st 

1 oW^HtB'H^m^^Jf^^ material 1 and 2nd material 2, 1st material 1 

L, l|2co#)N-2 forms a linear component, 2nd material 2 forms 

MW^^^L^ l|Jt>tS^fi||l the medium of a linear component, a linear 

<^IMS:W LSv^(c^M"f''5:^|n] component constitutes of 1st linear component 

(cgBS$ti5^10i||t>tS^l 101 arranged in the direction which has 1st 

Olt. 2 (Di^t:^ LfH 1 <D width and crosses mutually, and 2nd linear 
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I^^WM t fiM^i 5::^|B]{CTS component 102 an-anged in the direction which 

V^(:i^ll"t'5:^|n)(ciag$ti5 crosses n^utually towards having 2nd width and 

^2C0^t»tg^l 0 Zt^'hl^ differing from 1st linear component, it can obtain 

•9 . H 1 (Di/Ut^ 2 (DimOitX a desired Poisson's ratio by changing the ratio 

1 (DW^ 1 cD#tt^ of 1st width and 2nd width, or/and the ratio of 

i:^2 (Dm 2 (DW\k^(Dit^ the coefficient of elasticity of 1st material 1 , and 

^it ^ -fr 5 r <!: J; f? ^M(D the coefficient of elasticity of 2nd material 2. 

TV yJtSrtf-Si <i:;65'Ct-5o The rigidity of the link motion of a stnjcture 

H 1 (D^ t^2 (Dif^(DitXit/ pattern varies by changing the ratio of 1st width 

RX/f^ 1 (Dm 1 <??#14^ t % and 2nd width, or/and the ratio of the coefficient 

2 (Dm 2 <DW\k^<D\t ^Uit of elasticity of 1 st material 1 . and the coefficient 

^-tirSwirtcilJ - :^ of elasticity of 2nd material 2. 

(D V y ^ ^^(DWW^t^^iti' It can control a Poisson's ratio by rigid change 

5o ^(D]) y^W}i^<DW\{i(D^ of this link motion continuously, can obtain the 

it\^X'0 7^ryyit^'Mf^^\^ material of a desired Poisson's ratio, and, 

M'Mi'^^ t-A^^V^ ^ BfM <D /K particulariy can also obtain a negative Poisson's 

yyyit (DU$^ ^ # -5 ^ i ratio easily as a desired Poisson's ratio. 

mmm(Dn<TyyittL 

[00 0 8] [0008] 

[?^m(Dmm(Dmm] [embodiment of the invention] 

i^T. ^mm^M^i^^fJ^MMm Hereafter, based on a detailed Example, it 

^cS<3v^T|ji?q-t-5o SI 1 it. demonstrates this invention. 

'9Mf^^tL'5^i'^ FIG 1 showed the structure of the composite 

UP^(DWTG:^^Vtc'h(DVh material manufactured by this invention. 

-So ^(DW'^W^lit^ JlWtt^ This composite material is the 2-dimensional 

o 7t 2 ^TC^aaT?^ '0 > Structure with periodicity. 

X7jk $ tifcl^ 1 (DUP^' It is black and the linear component is formed of 

$ tiXio 19 , S 1st shown material 1 , it is white and the medium 

^X-7]k $ tifz^ 2 (DU$^ 2 {c ct of a linear component is formed of 2nd shown 

^m'^mm(DmmmM^inX material 2. 

V'^So t.tc, ^(DM^WMH^a Moreover, the linear component is formed from 

(Di^^^ir^^ 1 (DB^W^ 1 1st linear component 101 which has the width of 
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0 1 <!; Wb (OifM^^ir^^2 <D Wa, and 2nd linear component 102 which has 

B^^Ml 0 2 i 'OBf^^tiX the width of Wb , 1st linear component 101 

*5 D , H 1 co^^K^^ 1 0 1 element Is stationed at each-other orthogonal 

.'fefiSvjl!^-t"5:^r[p]{c:ifig$ direction, 2nd linear component 102 element is 

tl^ B2(7)^t>c^^l 0 2|b1;^ also stationed at each-other orthogonal 

iiK\^^W.^ir^:^\^ic§m^ti direction. 

TV^So Hi <D^^^ Furthermore, 1 st linear component 1 01 and 2nd 

^1 0 1 «!:||2 0j^;|^||^l 0 linear component 102 are arranged in the 

2fiSV'^tc4 5° ^}j^ir:^\^iz. direction which accomplishes 45 degrees 

Sag^ixTV^-5o ^L-C, ^(O mutually. 

Wa <I:Wb (Dit^^it^^^i)^ And it can obtain a desired Poisson's ratio by 

X{t/RXfmi<Dmi tW,2 changing the ratio of this Wa and Wb , or 

(DW$4 2(7)#t4^^^fb$-fr5 changing the coefficient of elasticity of 1st 

WrW.(D7i<ryylt material 1 and 2nd material 2. 

^#S:ii:;ii^'Ct'5o 7^^:101111 In addition, in FIG. 1, 1st linear component 101 

TiS . ^ 1 OH^^^ 1 0 1 IrI element and 2nd linear component 102 element 

Mh'^ 2 (D^i^WM 1 0 2^M is also stationed mutually at the orthogonal 

t2v>{cii:^1-5;^Io]{v:@aa$ direction. 

tiX\/''^i^^ However, it is not sufficient to be an orthogonal 

<XhX<^ SV'^fci^^-f 5:^ direction, what is sufficient is just to arrange in 

Ir) icgBB ^ tiX V "»ti/f^ j; V \ the direction which crosses mutually. 

[000 9] [0009] 

m2it. mi(OU^U$[X'0Bf FIG. 2 showed the design apparatus for 

W.(DyiiT y >it^^?)fc^<DB. obtaining a Poisson's ratio more desired than 

tfi^g ^TjkVfziiOXh'O . =1 the composite material of FIG 1 . 

>■ 3. — ^ T^y- Tti^ ^ It comprises computer systems. 

tiTV^So BP*Jx #@c9?fl^^ That is, CPU10 which perfomis various kinds of 

UtTi-^C PU 1 0, li-a-MI^ calculations, F?AM12 in which the shape 

C0?F^t>tx— ^iS.tJ^^ttx — ^ ^ storage-of-data region which stores the shape 

tS.^i'^M^T—d'^i^^Wii!}^ data and physical-property data of a composite 

fl^^$;jxTV^5RAMl 2, Bf material is formed, R0M13 in which the 

M(Dn^7yyitt^j:?) M'^m program which designs the ratio of the width of 

(D^^WMoimoith^ \/^itU the linear component of the composite material 

^cc»#tt^(7)Jt ^tSffi-S 7°D used as a desired Poisson's ratio or the ratio of 

i/7A(D|Ett$ti/fcROMl the coefficient of elasticity of material was 
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3, ^^£rA;^t*syt* stored. CRT14 and printer 11 which display 

<7)^— K 1 5 Iteyboard 15 and input data for Inputting various 

^^W^^^^^^^ C R T 1 data, and a calculation result 

4<t7°yy:5'l lb ^ It comprises these. 

[0010] [0010] 

^(ci, ^-v— Next, based on the flowchart of FIG. 3, it 

^^\i^X. IE] 1 co1tii(Oli^M demonstrates the method to design the 

P((r>ifsT y >it^B\W.(DiS.\'iWt Poisson's ratio of the composite material of the 

tH"5:;^fe^^5^i"'5o ST ^ structure of FIG 1 to a desired value. 

;^X5/yi 0 0 IdTii^tt^iia First, it extracts the structure of the square 

^Mf^'i' 6 tti.^ 'iE^W$< region used as the foundations which comprise 

(omi^'^^d^cf^o tttij bfcS the periodicity structure from step 100. 

ja^H 4 (CTFf o H 1 The extracted basic structure is shown in FIG 4. 

^14t»jt(ill4(DS^fll5it^± The periodicity structure of FIG 1 is the 

Tfc^f^lS ^ M L7tti^ifei?fc -5 composition which repeated the basic structure 

(0T% S*1tjio;!#t4^3jti?)5 of FIG 4 vertically and horizontally, therefore, 

1 t'^'^W-(0^'^t^^^ hti the whole characteristics are searched for by 
■So ^\^^ ^^T^yZ^l 0 2izX searching for the characteristics of basic 
m 4 (Dm^mi^^m^-r^m l structure. 

(Dm 1 <^#tt^. H 2 Next, it sets up the initial value of the coefficient 

2 ^^ytil^ 1 0 1 O of elasticity of 1st material 1 which comprises 
MRUBVi^^ 10 2 (D4is<D^J] the basic structure of FIG 4 from step 102, the 
^ffl:<^^^1"So ilkli^. ^7"y coefficient of elasticity of 2nd material 2, the 
■flO 4\ZXM4(0&:^W^^ width of the linear component 101. and the 
lEij^^irMzx^^m-t^, m width ofthe linear component 102. 

4 ic-CTj^^tiTV^S^^ifi^^ Next, a square-lattice cell partitions the basic 

Tcft-efc 'O . ^fiJ-r5IE;^fei^ structure of FIG 4 at step 104. 

± ji^(D—i2.^ 1 t Lfci^.Xh The dimension shown in FIG 4 is the amount of 

So o^t?, [ll4tiTO®ac7) dimensionless. 

iE::^>l^^-fe/U;05 1 6 0X 1 6 0 It is the value which set one side of the 

i@ (D^t. o fclijt <!: % ;i 5 i square-lattice cell to partition to 1 . 

5o lE:^^^±Mz.ji^P\ That is, the square-lattice cell of a unit area can 

Ltcm4(Dm^mTa(D--U^m consider FIG 4 to be 160*160 structure for 

bic^to m4^m}^i-^^it which it gathered. 



6/7/2005 



11/25 Copyright (C) 2005 The Thomson Corporation. 



JP10-134102-A 



^^(D^^±Mtf^ 1 (DU'^ 1 A part of basic structure of FIG 4 partitioned into 

h S V Mi^ 2 (OUU 2 (OV ^-f tu the square-lattice cell is shown in FIG 5. 

^^—:fj(DU^^X*Mf&^titc±/i^ It uses the lattice cell of the unit area which 

i^'i^^o h IS-^-ir/i^tci^^fij comprises FIG 4 as the cell which comprised 

Ltct"^ \^^:fj(DU$^X^Mfj!^^ material of either 1st material 1 or 2nd material 

I&^iryi/^ r^fe ^ S^cD#V^# When it partitions into a lattice cell, supposing it 

^^izx^Uf^^f^^^^'^^^l^'f' becomes the cell which comprises both of 

5o l2]5^::fcV^T^l(0^^3^1 material, it will make it the lattice cell which 

Ol#^ir/WfiS't:\ ^2(OU^ comprises material with much area which 

2 <D^^±Mt&X^^tiX\^^ occupies the lattice cell. 

6o in FIG 5, the lattice cell of 1st material 1 is 

black, and the lattice cell of 2nd material 2 is 

expressed with white. 

[0011] [0011] 

y^x >y 1 0 6 {::T^^T"t/w^^:: It forms a finite-element mesh from the basic 

5>fi| $ tL/c: la 4 (DM^Wi^ ct ^ structure of FIG 4 partitioned into the lattice cell 

^m^m/ y'y^^mi^'T^o at step 106. 

Wi 5 (D^^^±/v^^mMM^ It can also catch each lattice cell of FIG 5 with a 

yv/:3L<iriEx.'5C:i:t)'C#5 finite-element mesh. 

IrI— C75^t4 However, it is sufficient to form a finite-element 

J\^^'it^fz^'^^h^\^^\^^ mesh with the tetragon or triangle which 

:ft?f^{cTWPS?^^;?^ y summarized the lattice cell which has the same 

fi£LX^i«tv\ o^*9, characteristics. 

L^i^V^ ct 9 y That is, what is sufficient is just to form a mesh 

^^^^t^t'tifi so that it may be easy to perform a next 

(cLT^^^ti/c^PS^^T^ :y calculation. 

v':x(7)ti^,i^^I2] 5 \CX%^\CX Thus, a balloon shows the node of the fonmed 

^i^o t^^t^> :y y 1 0 8 finite-element mesh in FIG 5. 

XT.'ry^l 0 6 X^f^ b/c:^ Next, it gives 1% of forced displacement of a 

PS^^;^ y i^z:L(D:^m(D^X(D cell size to all the nodes of the right side of the 

tfi.^.(-X$4;^fp](c:-feyn|ig(7:> l % finite-element mesh formed at step 106 by step 

(D^W\^it^-^:^X 2 1^7l¥^ 108 in the direction of the X-axis, and conducts 

Jt^:t}M^^ioZ, f£ 0 o tcfzL. a 2-dimensional plane-stress analysis. 

ll^^^W tLXs WPS^^ y However, the shape of the basic structure which 
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3. "Clf $ ti T V 5 S^lf it comprises finite-element mesfies shall continue 
(0MV^\tt&:^J^t:^1^LWi^ maintaining a rectangle as a constraint 
h<Ot'tio condition. 

[00121 [0012] 

1 1 0\::X yz^ 1 It calculates for the Poisson's ratio of this 

0 8 "CCD 2 ^7c^Mlt-t)M^\^ composite material from a displacement of the 
J; '9#^.tL/cY#:*rfB]CD^j]iJ; direction of a Y-axis obtained in,2-dimensional 
►3 > r (DW^W^(D tKT y > Jt plane-stress analysis in step 1 08 at step 1 1 0. 
^**5„ Z<Dt^(0:^Tyy It can calculate for the Poisson's ratio at this 
Jt fi Y tt:^ |pj (O ^ X ^ time by breaking a displacement of the direction 
fiT'Si] ^:itkzX'0^ii>^Zt of a Y-axis by displacement of the X-axis. 

[0013] [0013] 

-X X y 7° 1 1 2 id T WPS^^ ^ It gives 1 % of forced displacement of a cell size 

>y i^=L(D±U(Dm<D±X CDtfi ^ to all the nodes of the arm of the upper part of a 

liCY^:ff\pHc± /uifU(D 1 %(D^ finite-element mesh in the direction of a Y-axis 

U^it^-^x.X 2^^7€¥^Jtt} at step 112, and conducts a 2-dimensional 

M^^io:ifj: 0 o tctcL^ plane-stress analysis. 

^i^t VX. WPS^^;^ yiyzi. However, the shape of the basic structure of 

XM^^tiX\/^?)M 5 (DS^Ii FIG 5 which comprises finite-element meshes 

^^(OM'^tt^:l7M^i^^LW-f shall continue maintaining a rectangle as a 

?>h(Dt-t^o l^i^. 7^7" yrf constraint condition. 

1 1 A\z.X7.y'v':f\ 1 2^?© Next, it calculates for the Poisson's ratio of this 
2 1!F3t^M^^ti%^\z. i D # ^ composite material from a displacement of the 
ti^tc X$ft;^|p](7)^{4 J; 19 , w direction of the X-axis obtained in,2-dimensional 
^'^WP^fDifsT y plane-stress analysis in step 11 2 at step 114. 
5o ^(J:>}i^(DTf^T yy'WiXy. it can calculate for the Poisson's ratio at this 
|4;^lB]C)'^{iz:^ YihcD^fiX-fil time by breaking a displacement of the direction 
^Z.h\d.^iK'>h''^^tii^X^ of the X-axis by displacement of a Y-axis. 

[0014] [0014] 

T^f vf \ \ Q\z.X:^T v"^ 1 It compares the error of the Poisson's ratio for 
1 0 ^XIT. Ty-fl 14 -esie* which it calculated at step 110 and step 114 by 
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tz^T y ^'It t ^M<^2}f T y >' step 116, and a desired Poisson's ratio. 

\tt^^^^)AMr^i>o ^^355 If an en-or is snfialler than a prescribed value, It 

Bf^^OftJ: ^/J^^fttbff. ^(D will become the composite material for which 

t ^ (Dm(DWV^^Rxy^U^'^ the coefficient of elasticity of the material at that 

^(Oit^t^'^^h^^'^WPtt^l^ time and the width of a linear component 

— y':f^^Tir^o ^ calculate, and will complete a series of steps. 

X W:^ifi'^'^(D{$.X. ^i^^ And if an error is larger than a prescribed value. 

ntHf:^'ryzfl 1 8^M"<iir it will perform step 118. 

5o ^t-> ^x:y>^118(cT Next, it judges whether it performed the 

m^^^^^^^ToTV^6|^l4^^# calculation of step 104 to step 114 to the ratio of 

tt^fiioV^T^x 9 S:feT(^^ the width of all the linear components that can 

^^^(O^^OlticMLX y be considered in the coefficient of elasticity of 

zfl 0 4^''h^'ry:/l 1 4<D the material which is performing the present 

^^%:notct^t' 0 calculation at step 118. 

5o :^T(D^iK^^(Di|i§(7)jt(c If there is a ratio of the width of a linear 

^\^X^%t^lf:>i\.X\^'^\f7^ component which omits the calculation yet if the 

"fv^X 2 2 ^tt^ calculation is performed to the ratio of the width 

^f.oTi/^^'cfV^^t^t^^OilJMcDhl: of all linear components about step 122, it will 

1)^h'^\ts ^^'r^y'l 2 0{::T change the value of the width of a linear 

^^^^coifM(Oi^^^x,X TsT- component at step 120, and will perform step 

y^i 0 4^mnir^o 104. 

[00151 [0015] 

:^'ry:/l 2 2 tdT^x. 5 5:^ It judges whether it performed the calculation of 

X(Dm(DW^m(0);t\z.n\^X step 104 to step 114 to the ratio of the 

;^x^;/7'l 0 At^h^v^y^l coefficient of elasticity of all the material that 

1 A(D^%^fT^ti'h^}f ot^^ can be considered at step 122. 

^iJUf-t 5o ±X(DmA(0'^^^ If the calculation is performed to the ratio of the 

(Z)Jt(c>pJ-LT?^^;5^tTt?tLTV> coefficient of elasticity of all material, by the 

fi\t. Z.(DWit(0^'^W¥(X\t composite material of this structure, it will 

fj\^(D^T yi^\t^%^Z.}it^ complete a series of steps noting that a desired 

X^'^^\/^t LT^jSc^J^-r y 7" Poisson's ratio cannot be obtained. 

^/^71"So ^\^X%fz:^%^ And if there is a ratio of the coefficient of 

o T v ^/cC: V ^t>t)f^cD#14^(7)it elasticity of material which omits the calculation 

ifihfi\i^ T^fyfX 2 4\z.x yet, it will change the value of the coefficient of 

W^O#14^(Djit, elasticity of material, i.e., a 



6/7/2005 



1 4/25 Copyright (C) 2005 The Thomson Corporation. 



^^tr^x^^^o fctcv. mi 
yit(Dm-^mmm^ ^ t ^^x 

^f-j:i^<DX\ ^(Di 



constituent_material. at step 124, and will 
perform step 104. 

With thie above flowchart, it can obtain the 
composite material of the structure of FIG 1 
which has a desired Poisson's ratio. 
However, since the composite material of a 
Poisson's ratio unrealizable with the structure of 
FIG 1 cannot be obtained, it changes the 
structure in that case and implements the 
above-mentioned flowchart. 



[00161 [0016] 

±127 p— ^-Y— h(i^i*^o'C^ It can manufacture the composite material 

f\-^titzM'^U$[i'i^ W^2(D designed according to the above-mentioned 

v"— hcDilc, ^tiia^"^ flowchart by letting what formed material 1 as 

^ — 'yM'O (3:^igff^Ufct)CD^?5 the structure pattern press against each other 

^O^io-^^^ticX^ 5 on the sheet of material 2. 
^.ti^^X^^o 



[0 0 17] 

t7!)^x^^(Di'X. m'^^^f'-y 
(DV yi^mm^^^h(DXh 
■So ^tc. mmy<^~y^(Dm 

1 (Dun 1 iz.xmf^^ti6mik 
mm 1 0 1 c7)i|i@wa tB'^mm 

t:.(DV y^mi'fowim'^mt 
yxh^xh. miomi t 



[0017] 

It is based on the link motion of a structure 
pattern that it can obtain a negative Poisson's 
ratio as a Poisson's ratio of the composite 
material designed according to the 
above-mentioned flowchart. 
Moreover, if width Wa of the linear corhponent 
1 01 and width Wb of the linear component 102 
which are formed with 1st material 1 in a 
structure pattern are changed, in order that the 
rigidity of this link motion may vary, the 
Poisson's ratio of a composite material is 
continuously controllable. 
Furthermore, even if it is the same structure 
pattem, also when changing the ratio of the 
coefficient of elasticity of 1st material 1 and 2nd 
material 2, in order that the rigidity of link motion 
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(DWl^^a^^it't^ fcfetc^i-^M may vary, it can control the Poisson's ratio of a 

^<D7ii7 y i^]t^Mi)^< UWir composite material finely. 

[0018] [0018] 

^{c, H 1 (DM^Uf4(OU$^(D Next, it expresses the concern of the Poisson's 

^^^(DitRXf^'^^MOifUO ratio with respect to the ratio of the coefficient of 

iti^y^-t^^T y >ti:(DM^.^ elasticity of the material of the composite 

^6\z.^-to M 6 it^ KOUf^- materialof FIG 1. andtheratioofthewidthofa 

1 t^2 (DUP^ 2 (0#tt^OJt linear component to FIG 6. 

^^IIWil-> :^7yyit^m!^i^ FIG 6 is the diagrammatic chart with which it 

Ltci^yyX^h^o ^VXy % set the axis of abscissa as the ratio of the 

2 <DWi^^M 10 2 OipIWe ^ coefficient of elasticity of 1st material 1 and 2nd 
1 2(c@^LT. Hi oHjytg material 2, and it set the axis of ordinate as the 
^10 1 coi^Wa ^ 4 . 6 , 8 Poisson's ratio. 

t ^it ^ -Brfc <t # (O^ 1 (DU$\- And it fixes width Wb of 2nd linear component 

1 tW>2 coWf4 2 (^#14^60^: 102 to 12, it is the diagrammatic chart in which 

i: /KT y yit<D^^.i:7sk\^fc V the relation between the ratio of the coefficient 

yyxh^o ^cOi/yyfvifcv^ of elasticity of 1st material 1 when changing 

■C. H 1 (DW^ l.<^#tt^tiE width Wa of 1st linear component 101 with 4, 

1 , ^2(DU^2(DW^^\tE2 6, and 8 and 2nd material 2 and a Poisson's 

"Cfe-So 13 6 {cT^-f J; 0 ratio was shown. 

H K^ttijsfl 0#tt^Ei In this diagrammatic chart, the coefficient of 

2(DW^2(DW\k0^E2 Ol 0 elasticity of Ei and 2nd material 2 of the 

Of^W±}ci-S t:ftO/KTy y coefficient of elasticity of 1st material 1 is E2. 

Jt^#?) rir^a^-etSo 111(75 If coefficient-of-elasticity Ei of 1st material 1 Is 

tHisCOi^-^till 1 cDMf4 1 (7)# made into 100 or more times of 

^4^Ei ^H 2 (DUP^ 2 CD #14 coefficient-of-elasticity E2 of 2nd material 2 as 

^£2 <J:'9t;'^#<'f'5(5^'*^ FIG 6 shows, it can obtain a negative Poisson's 

Ty^l:b(D{ii:^/h^< T'#. t. ratio. 

tz. B.'^^^ 10 1 coijigWA ^ In the case of the structure of FIG 1, it can 

:k'^ < ir:^miM<^^7 y ^it make the value of a Poisson's ratio small, so 

t Jfc -5 3*14^(7) Jt^4^$ < T?t that coefficient-of-elasticity Ei of 1st material 1 

6:iti)^t>i)^^o is made larger than coefficient-of-elasticity E2 

of 2nd material 2, moreover, it turns out that it 
can make small the ratio of the coefficient of 
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elasticity used as a negative Polsson*s ratio, so 
tliat width Wa of the linear component 101 is 
enlarged. I 

[0019] [0019] 

±^MMM{^io\^^X , In the above-mentioned Example, it came 

WtHj^^H 1 i LT^/c/6\ H considering the structure of a composite 

7, m8(Dmi^X-hmM(Dyfs7 material as fig. 1. 

yyit-m^hti. ^ LT:ft(Dfil However, a desired Poisson's ratio is obtained 

(D:^7yyith"^^:iti^X^ also with the structure of FIG 7. FIG. 8, and it 

So mix 1117, HIS (DM can also obtain the Poisson's ratio of a negative 

m^mm't^^t\^^^hi>io value. 

\^'VlidfM(0:iiT yi^itt^j:^ Moreover. In a certain direction, it can acquire 
^iit^^#S ^ti^X'^^o the structure used as a desired Poisson's ratio 
m 9 Otiit tm9 t M^^mm^ by laminating the structure of FIG 1 . FIG 7 and 

h^mm^m^^f^^fcS'^TV FIGS. 

ti3t(^^n^Wf4'Ct)0fM^7)7KT Moreover, it can obtain a Poisson's ratio also 
y ^/it^t#5^ (!r with a desired composite material of the 

(;::^co^T y Vit^#S^ 3-dimensionat structure which combined the 
•CtSo tctcV. l2l9(Dtiit'C structure which, has the structure, FIG 9. and 
(i^ 1 (DUfM^xmfii^ti^(D the symmetrical concern of FIG 9. 
filltfeS^T?{i?if < Blf^©¥^^ Furthermore, it can obtain a negative Poisson's 
^^'T^'^^^mxh^o ratio. 

However, the tubular-shape component which 
has not a linear component but a prescribed 
radius is comprised from the structure of FIG 9 
by 1st material. 

immomwmm] [brief description of the drawings] 



[Hi] [FIG1] 

pJTW.(D:isT y>it^%^^ tt^^ The block diagram of a composite material 

which can obtain a desired Poisson's ratio 

10 2] [FIG 2] 
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BlfS©^Ty:^it^W-f S^-g- The block diagram of an apparatus which 
*tJ|sf<Sr^tfi"5i^fi(Dfil/5fellI designs the composite material which has a 

desired Poisson's ratio 



ims] [FIG 3] 

WfW.(Oyf^T y >it^^-t ^^-a- The flowchart of the method of designing the 

^^^^Wtt\-^^^W:(0'7 u~-=f- composite material which has a desired 

■^—V Poisson's ratio 

[|Kl4] [FIGi4] 

la 1 <D^^PsP(<D^:^mT^(Dm The block diagram of the basic structure of the 

^ISI composite material of FIG 1 

[US] [FIGS] 

Wi^<0^'tP!P(<D^^^^^lE The block diagram which partitioned the basic 

■i[Mtl-±Mz.ji^U U fzmitm stmcture of the composite material of FIG 4 into 

the positive-hole lattice cell 



[FIG 6] 

The diagrammatic chart in which the relation 
between the ratio of the width of the linear 
component of the composite material which has 
the composition of FIG 1, and coefficient of 
elasticity, and a Poisson's ratio was shown 



m 7 1 [FIG 7] 

WiM(D:^7 y :/Jt ^#5 :i 1 The block diagram of another structure pattem 

1 5 fth,<Ofl|jg/-? ^ — >'<Dfl|j5fe which can obtain a desired Poisson's ratio 

m 

[US] [FIG 8] 

drW.(D^T y ^'It^^f'S The block diagram of another structure pattern 

■C# -Sfdicotiig/-?^ — XDMf]^ which can obtain a desired Poisson's ratio 



m9] 



[FIG 9] 
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gfMOxKT y :itt^ The block diagram of another structure pattern 

"C # S 9 — which can obtain a desired Poisson's ratio 

H 



[DESCRIPTION OF SYMBOLS] 

Wa ... Width of 1st linear component 

Wb ... Width of 2nd linear component 

Ei ... Coefficient of elasticity of 1st material 



1 0 \ -%\(r>wmn 
1 Q2-%2(r>mmn 



E2 ... Coefficient of elasticity of 2nd material 

1... 1st material 

101... 1st linear component 

102... 2nd linear component 



2-m2(Dm 

1 O-CPU 
1 2--RAM 



2... 2nd material 
10...CPU 
11... a printer 
12...RAM 



1 3--ROM 
1 4-CRT 
1 5-^~-yf^~- K 



13...R0M 
14... CRT 
15... a keyboard 



[lEIl] 



IFIGl 1] 




-Wb 
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1112] 



[FIG 2] 



CcrtLt^s 



,13 



KB 

I 



'" 1 i r^' 

ROM } — » | CPU RAM I 

•ruW I. . 




[113] [FIG 31 
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(start) 




QndJ 



START 

100 Extraction of basic structure 

102 Initialization of coefficient of elasticity of material, and width of linear component 

104 Partition into lattice cell. 

1 06 Finite-element mesh production 

108 Give forced displacement to all nodes of right side, and carry out 2-dimensional stress 
analysis. 

110 Poisson's-ratio calculation 

112 Give forced displacement to all nodes of upside arm, and carry out 2-dimensional stress 

analysis. 

114 Poisson's-ratio calculation 

116 Error of computed Poisson's ratio and desired Poisson's ratio is below prescribed value, 
118 It is calculation completion to ratio of width of all linear components? 
120 Alter width of linear component. 

122 It is calculation completion to ratio of all coefficient of elasticity? 
1 24 Alter value of coefficient of elasticity. 
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END 



[1114] [FI&4] 
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ime] 



[FIG 6] 
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[1181 



[FIG 8] 
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